Background: Multiple system atrophy (MSA) is an adult-onset, rare, and progressive neurodegenerative disorder characterized by a varying combination of autonomic failure, cerebellar ataxia, and parkinsonism. MSA is categorized as MSA-P with predominant parkinsonism, and as MSA-C with predominant cerebellar features. The prevalence of MSA has been reported to be between 1.86 and 4.9 cases per 100,000 individuals. In contrast, approximately 1% of the population is affected by schizophrenia during their lifetime; therefore, MSA-P comorbidity is very rare in schizophrenic patients. However, when the exacerbation or progression of parkinsonism occurs in patients with schizophrenia treated with antipsychotics, it is necessary to consider rare neurodegenerative disorders, including MSA-P, in the differential diagnosis of parkinsonism. Case presentation: A 60-year-old female patient with chronic schizophrenia developed possible MSA-P. She had been treated mainly with typical antipsychotics, and presented with urinary incontinence, nocturnal polyuria, and dysarthria around 2011. In 2014, she developed worsening parkinsonian symptoms and autonomic dysfunction. Although her antipsychotic medication was switched to an atypical antipsychotic and the dose reduced, her parkinsonism was not improved. In 2015, modified electroconvulsive therapy produced slight improvements in the symptoms; however, she shortly returned to her symptomatic state. A combination of cardiac
Background
Multiple system atrophy (MSA) is an adult-onset, sporadic, and rare progressive neurodegenerative disorder characterized mainly by parkinsonism that responds poorly to levodopa, cerebellar symptoms, and autonomic failure.
MSA is categorized as MSA-P when parkinsonism is predominant, and as MSA-C when associated with dominant cerebellar features. MSA-P or MSA-C is categorized by the dominant symptoms at the time of evaluation and can change by the time of diagnosis. Moreover, the diagnostic criteria for definite, probable, and possible MSA were determined at the Second Consensus Conference on the Diagnosis of MSA, held in 2007 [1] .
The incidence of the disease has been estimated to be 0.6 and 0.7 cases per 100,000 persons, while the prevalence is between 1.86 and 4.9 cases per 100,000 persons [2] [3] [4] [5] [6] [7] [8] . In Asian populations, the majority of MSA cases are of the MSA-C type, whereas MSA-P type predominates in the European population [9, 10] .
Schizophrenia is a chronic and serious mental disorder characterized by positive symptoms (i.e., delusions and hallucination) and/or negative symptoms (i.e., blunted affect, loss of motivation, and poverty of speech) and/or cognitive dysfunction (i.e., impairment in several cognitive domains, including working memory, attention, verbal memory and executive functions) [11] . Approximately 1% of the population is affected by schizophrenia during an individual's lifetime, in which socio-occupational functioning is significantly impaired [12] . Antipsychotic medications are effective for relieving both positive and negative symptoms, but can cause extrapyramidal symptoms (EPS) (i.e., parkinsonian symptoms, dystonia, akathisia, and tardive dyskinesia) as a side effect. It is important to note that EPS tend to be more associated with typical antipsychotics than atypical antipsychotics [13] .
Herein, we report a case involving a 60-year-old female patient with schizophrenia being treated with long-term antipsychotic medication, who developed possible MSA-P. We adhered to the CARE guidelines/ methodology, which was created by an international group of experts that helps authors reduce bias and increase the accuracy, transparency, and usefulness of case reports (http://www.care-statement.org/).
Case presentation
The patient was the first-born of 4 children, with no family history of psychiatric illness and no developmental delay. In 1972, she first presented hallucination-delusions at 16 years of age and was diagnosed with schizophrenia in another hospital. After being hospitalized two times there, she visited the Miyagi Prefecture Center (MPC, Japan) at 25 years of age in 1981. An acute change in her emotions, behavior, and thoughts occurred a few days before the first consultation at the MPC.
At the first examination, she was very talkative and presented severely disorganized thoughts and behavior, as well as inappropriately expressed emotions. She was readmitted to the hospital for treatment of psychotic episodes. After discharge, she was continuously treated as an outpatient; however, symptoms including avolition, asociality, moderately disorganized thinking, and emotional vulnerability to psychological stress in daily life persisted. She married at 28 years of age in 1984, and gave birth to a boy the following year. She was maintained in a generally stable mental state with the support of a community health nurse and her family. Long-acting injectable (LAI) fluphenazine enanthate was introduced in 1993 to overcome poor adherence when she was 37 years of age. At approximately the same time, she was treated for diabetes. In 1994, at 38 years of age, an overnight stay with her sister-in-law resulted in rehospitalization for a worsening of disorganized thought, anxiety, and impatience. After being admitted for a few weeks, she regularly visited our hospital as an outpatient. In 2004, she transiently presented with dizziness from standing up too quickly at around 48 years of age. In 2011, she began complaining of urinary incontinence, nocturnal polyuria, and dysarthria at approximately 55 years of age; however, it was unlikely that such symptoms were side effects of her antipsychotics or diabetic autonomic neuropathy. When she was 56 years of age, she gradually developed pain in the right knee and was diagnosed with osteoarthritis of the right knee. In the following year, she underwent artificial joint replacement surgery for her right knee in the Department of Orthopaedic Surgery, Tohoku Rosai Hospital. Bilateral hand muscle weakness, predominantly in the right hand, and dysarthria were observed while she was hospitalized in 2013. Although she underwent brain magnetic resonance imaging (MRI), findings revealed no remarkable abnormalities (Fig. 1) . She used a pick-up walker at home after the knee surgery; however, at the end of the same year, she fell at home and was diagnosed with a right femoral neck fracture. She was treated operatively for the fracture in the same orthopedic surgery department as before. After 4 months as an inpatient, she was discharged to her home, and resumed outpatient treatment at the MPC in 2014. She presented with depressed mood, decreased appetite, and body weight loss after discharge, and was prescribed sertraline for symptoms of depression. In 2014, at 58 years of age, she underwent video fluoroscopic examination of her swallowing, demonstrating increased dysphagia, bradykinesia, and upper-limb muscle rigidity, predominantly in the right limb. Drug-induced parkinsonism was suspected based on the results of the examination, which indicated no organic abnormality. LAI fluphenazine enanthate was discontinued, and she was switched from oral haloperidol to aripiprazole. She was readmitted to our hospital at 58 years of age upon appearance of emotional instability, hallucinations, and negativism following the drug switch. Moreover, she also presented with worsening of urinary incontinence and retention, which required urethral catheterization. The volume of post-catheterization urinary output was greater than 600 mL. Dosage adjustment of the antipsychotics, including tests with aripiprazole, zotepine, blonanserin, and perospirone, failed to improve the parkinsonism, mutism, and negativism (e.g., food and drug rejection); consequently, modified electroconvulsive therapy (mECT) was administered for 20 treatments. mECT produced slight improvements in the symptoms, and it became possible for her to ingest a small amount of food and speak a little (2015). However, she returned to her symptomatic state after a short period of time. She then underwent careful examination for persistent parkinsonism and autonomic dysfunction (including urinary retention, urinary incontinence, and constipation) in the Department of Neurology, Kohnan Hospital (2015). Brain MRI revealed a T2-hyperintense lateral rim and hypointense putamen that had progressed over the year (Fig. 2) . Cardiac 123 I-meta-iodobenzylguanidine (MIBG) scintigraphy demonstrated normal myocardial MIBG uptake (Fig. 3) . In 123 I-FP-CIT (DaTscan) singlephoton emission computed tomography (SPECT) imaging, decreased uptake of 123 I-FP-CIT was observed in the bilateral striatum, but predominantly in the left dorsolateral striatum (Fig. 4 ). MSA-P was thus suspected from the clinical features (including parkinsonism, urinary dysfunction, and constipation), neuroimaging, and nuclear medicine findings. L-dopa was prescribed and the dose was increased to 700 mg/day; however, her response was poor, and she died of aspiration pneumonia in 2016 at 60 years of age.
Discussion
MSA is a rare neurodegenerative disorder in general, and MSA-P is significantly less common than MSA-C in the Japanese population [9, 10] . In fact, to our knowledge, this is the first report to describe a 60-year-old . a Putaminal atrophic change and low-and high-intensity signals of the lateral rim of the putamen were observed predominantly in the left putamen in the T2-weighted image (T2WI). However, T2WI did not show the hot-cross bun sign, which may reflect pontine atrophy. b As in the previous year, magnetic resonance imaging findings revealed putaminal atrophic change and both low-and high-intensity signals of the lateral rim of the bilateral putamen, again predominantly in the left putamen. There were slight atrophic changes in the cerebellum and brain stem female patient with chronic schizophrenia with possible MSA-P.
In 1900, Joseph Jules Dejerine and André Thomas first reported two cases presenting cerebellar ataxia and pathological lesions in the cerebellum and brainstem, which they described as olivopontocerebellar atrophy [14] . Subsequently, Shy and Drager described two patients with parkinsonism and autonomic symptoms including orthostatic hypotension in 1960 [15] . Van der Eecken et al. reported cases with parkinsonism and striatonigral degeneration at autopsy in the same year [16] . In 1969, Graham and Oppenheimer first introduced the term 'MSA' to represent all three diagnoses.
Papp et al. demonstrated the presence of argyrophilic glial cytoplasmic inclusions in the central nervous system of patients diagnosed with MSA in 1989 [17] ; these inclusions were later reported to be positive for α-synuclein in 1998, and recent studies provide evidence for classifying MSA as an α-synucleinopathy, together with Parkinson's disease and dementia with Lewy bodies [18, 19] .
The first consensus conference reported by Gilman et al. categorized MSA into MSA-P and MSA-C [20] . Moreover, the conference defined diagnostic criteria to define three levels of certainty: possible, probable, and definite. The second consensus conference, held in 2007, revised the diagnostic criteria such that the criteria for probable MSA were simplified, requiring at least one feature suggesting autonomic dysfunction; also, additional features for the diagnosis of possible MSA, and features supporting MSA (red flags) were introduced (Table 1 ) [1] .
Patients with MSA-P exhibit early development of autonomic dysfunction and more rapid progression than those with Parkinson's disease. Low et al. reported that the mean remaining lifespan ranged from 6.2 to 10 years after symptoms first appear [21] [22] [23] [24] [25] . The most common causes of death have been reported to be nocturnal sudden death and aspiration pneumonia [26] .
Autonomic features are a key characteristics in patients with MSA [8] . The urogenital and cardiovascular systems are most frequently affected. Criteria for diagnosis of probable MSA according to Gilman et al. (Table 1) include I-MIBG scintigraphy showed normal cardiac MIBG uptake autonomic dysfunction including urinary incontinence (inability to the release of urine from the bladder or orthostatic hypotension (decrease of blood pressure within 3 min of standing by at least 30 mmHg systolic or 15 mmHg diastolic). Orthostatic hypotension has been reported to be apparent in 43 to 81% of patients with MSA [24, [27] [28] [29] [30] .
Olfactory function has been reported to be preserved or mildly impaired in MSA, in contrast to a marked impairment in Parkinson's disease [31] [32] [33] [34] [35] [36] [37] . Olfactory function is evaluated with odor discrimination, threshold detection, or identification. Combination of assessment of olfactory function and other biomarkers including Cardiac MIBG Scintigraphy can be useful to discriminate Parkinson's disease from atypical parkinsonian disorders [33, 38, 39] .
Cerebellar ataxia in MSA demonstrates a poor response to medical treatment; however, in approximately 30 to 40% of patients with MSA, parkinsonism may be at least transiently responsive to L-dopa therapy in the early stages of the disease [40, 41] . However, patients with MSA are typically less responsive to L-dopa therapy than those with Parkinson's disease. • Disproportionate antecollis
• Severe dysphoria
• Contractures of hands or feet
• Inspiration signs
• Camptocormia (severe anterior flexion of the spine) and/or Pisa syndrome (severe lateral flexion of the spine)
• Severe dysarthria
• New or increased snoring
• Cold hands and feet
• Pathologic laughter or crying
• Jerky, myoclonic postural/action tremor Nonsupporting features
• Classic pill-rolling rest tremor
• Clinically significant neuropathy
• Hallucination not induced by drugs
• Onset after age 75 y
• Family history of ataxia or parkinsonism
• Dementia (for DSM-IV)
• White matter lesions supporting multiple sclerosis Brain MRI may be a useful tool to distinguish MSA from other parkinsonian syndromes. Brain MRI in patients with MSA frequently reveal atrophic changes in the cerebellum, pons, and putamen. While middle cerebellar peduncle and cerebellar atrophy is more common in MSA-C than in MSA-P, putaminal atrophy is more pronounced in patients with MSA-P, which is consistent with the clinical symptoms [42] . Low intensity in the dorsolateral putamen and a slit-like, highly intense signal in the lateral margin of the putamen are commonly observed in T2-weighted MRI (T2WI) of MSA-P [42, 43] . In contrast, in addition to atrophic changes in the inferior or middle cerebellar peduncle, hot-cross bun sign, which may reflect pontine atrophy, is more commonly found in T2WI of MSA-C [8] .
Nuclear medicine scans have been reported to be useful in the differential diagnosis of parkinsonism. In contrast to patients with Parkinson's disease and dementia with Lewy bodies, patients with MSA often exhibit normal or only mildly reduced cardiac MIBG uptake in both the early and delayed image phases in MIBG-uptake cardiac scintigraphy [44, 45] . Reduced striatal [46] . Moreover, there are also a relatively limited number of studies reporting reduced DaTscan caused by excessive post-synaptic dopamine D2 blockade due to antipsychotic medication activity or even by the disease itself [47] [48] [49] [50] [51] [52] [53] .
Clinical features and brain MRI findings together may help to differentiate MSA-P from progressive supranuclear palsy (PSP) and corticobasal degeneration (CBD). Patients with PSP develop vertical supranuclear eye movement disturbances, and exhibit atrophy of the mesencephalic tegmentum, superior colliculus, and superior cerebellar peduncle on brain MRI [54, 55] . However, patients with CBD typically exhibit pronounced frontoparietal asymmetrical atrophy that is particularly distinctive near the central sulcus in brain MRI [55] .
To our knowledge, there have been no consistent reports to date demonstrating the effect of antipsychotic treatment on putaminal structure. Recent large-scale, multisite, subcortical brain volumetric studies revealed larger putaminal volume in schizophrenia compared with healthy subjects [56, 57] . Therefore, brain MRI findings, including putaminal atrophy, do not appear to be attributed to antipsychotic medications and schizophrenia itself.
Our patient developed autonomic dysfunction, including urinary incontinence and nocturnal polyuria, at around 55 years of age (2011). By 58 years of age (2014), she exhibited progression of her autonomic dysfunction (i.e., otherwise unexplained urinary incontinence and retention) and parkinsonian symptoms (i.e., postural instability, bradykinesia, and limb muscle rigidity). Consistent with previous reports, she exhibited no clinical symptoms suggesting olfactory dysfunction, although no objective test could be performed (e.g., odor discrimination test, odor identification test, etc.) because she was not able to follow instructions in the inspection test given her worsening psychiatric symptoms. Her parkinsonism did not improve after altering her dose and type of antipsychotics, and brain MRI findings revealed a T2-hyperintense lateral rim and hypointense putamen (Fig. 2) . Although her cardiac MIBG scintigraphy results were normal, she exhibited decreased uptake of 123 I-FP-CIT in the bilateral striatum, although predominantly in the left dorsolateral striatum. Finally, her parkinsonian symptoms responded poorly to L-dopa therapy (700 mg/day). This combination of clinical features, and neuroimaging and nuclear medicine results, led us to diagnose possible MSA-P.
Notably, her parkinsonism symptoms slightly improved after a number of mECT treatments; this is consistent with previous reports describing the efficacy of mECT against parkinsonism [58, 59] .
Psychiatric symptoms, including emotional incontinence, depression, and anxiety, can appear in patients with MSA: 39 to 62% of patients with MSA have been reported to experience mild to severe depression. A few case reports of MSA patients developing psychosis have also been published [60] [61] [62] [63] [64] [65] [66] [67] . Papapetropoulos et al. reported that 9.5% of patients with MSA-P experienced hallucinations [65] . There is recent, increasing evidence from brain imaging, genetic association studies, and postmortem brain studies that oligodendrocyte dysfunction is implicated in the pathogenesis of both schizophrenia and major depressive disorder [68] [69] [70] . In patients with MSA, variable degrees of olivopontocerebellar atrophy and striatonigral degeneration are typically found at postmortem confirmation, which broadly reflect the cerebellar ataxia and parkinsonism [8] . In 1989, Papp et al. demonstrated the presence of argyrophilic oligodendroglial cytoplasmic inclusions in the central nervous system of patients diagnosed with MSA [17] ; these inclusions were later reported to be positive for α-synuclein in 1998. The density of α-synuclein-positive oligodendroglial cytoplasmic inclusion broadly reflects the distribution of neurogenerative changes in patients with MSA [8] . Moreover, dopamine and norepinephrine were found to be profoundly depleted in various brain regions of patients with MSA, especially in the corpus striatum, nucleus accumbens, substantia nigra, locus coeruleus, hypothalamus, and septal nuclei [71] . These findings indicate that depression and psychosis in patients with MSA may be attributed to oligodendrocyte dysfunction and catecholaminergic disturbance(s).
Our patient presented with depressive symptoms and worsening of psychosis with progress of MSA. Although it was difficult to distinguish worsening of schizophrenia from depression and psychosis development by progression of MSA, these affective and psychotic symptoms may be caused partly by oligodendrocyte dysfunction and catecholaminergic disturbance(s) accompanied by progression of MSA. The exact neuropathology of schizophrenia and depression remain unclear. Therefore, it may be worthwhile to investigate the biological mechanisms underlying psychosis and depression in patients with MSA to elucidate a patho-etiology for these diseases.
Finally, there are some limitations to our study that should be addressed. First, definite MSA requires postmortem (autopsy) confirmation of α-synuclein-positive inclusions in oligodendrocytes. However, we could not confirm a diagnosis of definite MSA due to the lack of qualified pathologists/medical doctors able to perform autopsy in our hospital. Second, we could not confirm whether significant orthostatic hypotension met the diagnostic criteria for MSA in the head-up tilted position, despite the patient's complaints of transient dizziness from standing up. Third, we could not perform any objective urological evaluation (e.g., urodynamic testing, or post void residual volume) because of her worsening psychiatric symptoms, although frequent urinary incontinence and severe urinary retention requiring urethral catheterization suggested the presence of underactive detrusor.
Conclusions
To our knowledge, this is the first report to describe a 60-year-old female patient with chronic schizophrenia found to have developed possible MSA-P. Although MSA-P comorbidity in patients with schizophrenia may be very rare, MSA-P should be considered when such patients present with worsening and progression of parkinsonism, especially when accompanied by autonomic dysfunction or cerebellar ataxia. In this case, the combination of SPECT imaging and brain MRI, as well as her clinical features, helped us to discriminate MSA-P from the other parkinsonian syndromes in our differential diagnosis. 
